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METHOD OF MANUFACTURING SINTERED 
ALUMINUM ALLOY PARTS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of manu 

facturing sintered aluminum alloy parts using Al-Si 
series alloy powder as a raw material and, in particular, 
relates to a method of manufacturing sintered aluminum 
alloy parts incorporating an improved sintering 
method. 

2. Description of Related Art 
As examples of ferrous series metal materials such as 

cast iron and sintered iron were known as the material 
such as for scroll shaped revolving and stationary parts 
in a scroll type compressor. Further, as examples of 
non-ferrous series metal materials aluminum alloy (for 
example Al-Si alloy) as a light weight material was used 
and casting and die-casting methods were known there 
for. Still further JP-A-62~96603 (1987) discloses a 
method of manufacturing sintered Al alloy parts. 
J P-A-64-56806 (1989) discloses a manufacturing of 

scroll shaped parts wherein an Al alloy powder solidi 
?ed via rapid cooling which is obtained by a gas atomiz 
ing method after melting an A1 alloy is used, and after 
compression molding, in other words compacting, the 
Al alloy powder, the scroll shaped parts are manufac 
tured via a hot extrusion, a hot forging after a hot extru 
sion or a hot forging. The Al-Si powder wherein Si is 
added to Al shows an advantage of reducing the ther 
mal expansion coefficient of the product, however dur 
ing the heating process at a high temperature the Al-Si 
powder is vigorously oxidized which extremely deteri 
orates the workability of the product so that such oxida 
tion has to be prevented. 
As explained above, when parts having a complex 

shape such as the scroll shaped parts were manufac 
tured such as by processings of the hot forging and the 
extrusion after compression molding the alloy powder 
obtained by adding an effective element such as Si to 
the powder solidi?ed via rapid cooling of the Al alloy 
according to the conventional method, the working of 
the product was rendered dif?cult because of the em 
brittlement thereof due to the oxidation at a high tem 
perature, therefore a long manufacturing time was re 
quired therefor, further there were problems with re 
gard to the mechanical strength and toughness of the 
product, still further there was a drawback that the 
product thus manufactured raised the production cost. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
method of manufacturing sintered Al alloy parts of a 
light weight, an excellent mechanical strength and 
toughness having a complex shape wherein a high Si-Al 
alloy powder is used and a manufacturing process 
which produces a high density Al alloy sintered body is 
introduced. 
The method of manufacturing sintered aluminum 

alloy parts according to the present invention for solv 
ing the above problems comprises the steps of compres 
sion molding an Al alloy powder solidi?ed via rapid 
cooling obtained by adding Si powder of l~45 wt %, 
powder of an element in III a group of 0.l~20 wt % 
and powder of at least one element in IV a group and 
/or V a group of 0.01~5 wt % to Al powder, and 
thereafter sintering the same by heating via an electric 
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2 
current conduction in a form of a plasma discharge 
while applying a pressure thereto. 

It is, for example, necessary to reduce the clearance 
between the scroll shaped revolving and stationary 
parts for enhancing the performance of a scroll type 
compressor. For this purpose, the sintered Al alloy has 
to have a small thermal expansion coefficient compara 
ble to that of a cast iron which has been used long, and 
the thermal deformation thereof also has to be limited as 
small as possible. When a reduction of thermal expan 
sion coefficient of the product is only required, it will be 
enough to add, for example Si of 1~45 wt % to Al 
powder, however in order to provide a hot workability, 
an age hardening property, a high mechanical strength 
and toughness at a high temperature it is necessary to 
add optimum amounts of effective components such as 
Cu, Mn, Zn, Fe, Co and W. 
Namely, in the present invention, when the amount of 

Si is less than 1 wt % a sufficient mechanical strength 
and wear and abrasion resistance of the resultant prod 
uct can not be obtained, on the other hand, when the 
amount of Si exceeds 45 wt % the ductility thereof 
reduces such that the amount of Si is determined be 
tween 1~45 wt % (preferably l2.2~25 wt %). In order 
to increase mechanical strength of the resultant product 
it is preferable to further incorporate Cu of l~5 wt %, 
Fe of0.1~l.0 wt %, Mn ofO.l~2 wt %, Mg of0.1~l 
wt %, Zr of 0.5~5 wt % and Ce of 0.5~5 wt %. 

Further, it was found out that a reduction of mechani 
cal strength after sintering Al alloy powder is caused by 
weaking of the coupling force between particles be 
cause of remaining oxidized ?lms on the surfaces of the 
powder particles. Accordingly, in order to increase the 
coupling force between particles it was found out that 
an addition of an element in III a group, in particular Ce 
in rare earth elements and at least one element in IV a 
and V a groups, in particular Zr which serve as a deoxi 
dizing component for the alloy powder was effective, 
therefore these components of a proper amount are 
added. 

After compression molding the Al alloy powder, the 
molded body is pressed by a low pressure and an elec 
tric current is conducted therethrough to cause a 
plasma discharge between the pressed powder particles 
so as to remove the oxidized ?lms. In this instance, the 
most optimum plasma discharge is generated at a 
plasma voltage of 2~1OV and a plasma current of 
1000~6500A, and the applied pressure upon the 
molded body is adjusted while causing discharge of the 
adsorbed gas on the particle surfaces. The plasma dis 
charge of the present invention is carried out in the 
atmosphere. 

After completing the gas discharge, the molded body 
is further pressed to produce a sintered body in which 
the particles are ?rmly coupled. In order to obtain a 
sintered body having a high density, the pressure ap 
plied to the molded body and the total sintering time are 
respectively selected in the ranges of 50~300 Kgf/cm2 
and of 5~20 minutes. i 

The sintered alloy product manufactured according 
to the present invention has a high density as well as an 
excellent mechanical strength and toughness and the 
manufacturing method is suitable for manufacturing 
parts of light weight and small size and of a complex 
con?guration such as a scroll shaped parts for a scroll 
type compressor. 
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BRIEF EXPLANATION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of manufacturing pro 
cesses of a scroll shaped part of one embodiment ac 
cording to the present invention; 
FIG. 2 is a diagram showing a relationship between 

plasma sinter processing time and the density ratio of 
the above embodiment; 
FIG. 3 is a diagram showing a relationship between 

applied pressure during sintering and the density ratio 
of the above embodiment; 
FIG. 4 is a diagram showing a relationship between 

plasma current and the density ratio of the above em 
bodiment; 
FIG. 5 is a diagram showing a relationship between 

plasma voltage and the density ratio of the above em 
bodiment; 
FIG. 6 is a diagram showing a relationship between 

plasma sinter processing time and tensile strength of the 
above embodiment; and 
FIG. 7 is a schematic diagram of manufacturing pro 

cesses of a scroll shaped part of another embodiment 
according to the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

Hereinbelow, embodiments according to the present 
invention and the experimental results thereof are ex 
plained with reference to FIG. 1~FIG. 7. 
FIG. 1 is a schematic diagram for explaining the 

manufacturing processes of a scroll shaped part of one 
embodiment according to the present invention. 

In FIG. 1, 1 is a compacting process, 2 is a compacted 
body, 3 is a plasma sintering process and 4 is a sintered 
body. 
An Al alloy powder having a composition of Si of 25 

wt %, Cu of 3.5 wt %, Mg ofO.5 wt %, Fe ofO.5 wt %, 
Mn ofO.5 wt %, Zr of 1.0 wt %, Ce of2.0 wt % and A1 
of remaining wt % was used, the Al alloy powder was 
melted and thereafter air-atomized wherein the diame 
ter of the particles was controlled to be less than 500 
pm. 
At ?rst, in the compacting process, the Al alloy pow 

der was compacted by making use of a graphite die to 
produce the compacted body 2, and the compacted 
body 2 was inserted into a graphite die having the same 
con?guration as the scroll shaped part and pressed up to 
an applied pressure of 200 Kgf/cm2 while causing a 
plasma discharge therein at plasma current of 5000A 
and plasma voltage of 5V to obtain the sintered body 4. 
Wherein the resultant sintered body was 85<I>mm><40t 
mm in a scroll shape. 
FIG. 2 is a diagram showing a relationship between 

plasma sinter processing time and the density ratio of 
the resultant body in the above process. It will be seen 
from the diagram that the optimum holding time is 12 
minutes and when the holding time is more than 5 min 
utes a density ratio of 90% is obtained. 
FIG. 3 is a diagram showing a relationship between 

applied pressure during sintering and the density ratio 
of the resultant body. When the plasma sinter process 
ing time of 12 minutes, the plasma current of 5000A and 
the plasma voltage of 5V are selected, a density ratio of 
more than 90% is obtained at the applied pressure of 100 
Kgf/cm2 and the optimum applied pressure under the 
same condition is 200 Kgf/cm2. 
FIG. 4 is a diagram showing a relationship between 

plasma current and the density ratio of the resultant 
body. When the plasma sinter processing time of 12 
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4 
minutes, plasma voltage of 5V and the applied pressure 
of 200 Kgf/cm2 are selected, the optimum plasma cur 
rent is 5000A and a density ratio of more than 90% is 
obtained by a plasma current of more than 1500A. 
FIG. 5 is a diagram showing a relationship between 

plasma voltage and the density ratio of the resultant 
body. When the plasma sinter processing time of 12 
minutes, the plasma current of 5000A and the applied 
pressure of 200 Kgf/cm2 are maintained, the optimum 
plasma voltage is 5V and a density ratio of more than 
90% can be obtained by a plasma voltage of more than 
3V. 
FIG. 6 is a diagram showing a relationship between 

plasma sinter processing time and tensile strength of the 
resultant body. When the plasma current of 5000A, the 
plasma voltage of 5V and the applied pressure of 200 
Kgf/cm2 are maintained, the tensile strength of 16 
Kg/mm2 is obtained at the plasma sinter processing time 
of 5 minutes and a sufficient tensile strength of 40 
Kg/mm2 is obtained at the optimum plasma sinter pro 
cessing time of 12 minutes. It was con?rmed based on a 
micro structure photograph (illustration of which is 
omitted) of the resultant body that the boundary surface 
between the powder particles was closely coupled to 
maintain a suf?cient mechanical strength. 
FIG. 7 is a schematic diagram for explaining a manu 

facturing processes of a scroll shaped part of another 
embodiment according to the present invention. In 
FIG. 7, 5 shows a warm . cold forging process and 6 is 
a forged body. The other numerals indicate the same 
processes and elements as in FIG. 1. In the present 
embodiment, the sintered body 4 of a ?at plate which 
was manufactured via the compacting process 1 and the 
plasma sintering process 3 was subjected to the warm or 
cold forging process 5 to produce the forged body 6 of 
the scroll shaped part. Via the present method, the 
sintered body is subjected to a plastic working to 
thereby disappear internal defects therein and to further 
enhance the mechanical strength. 

In the above embodiments, the manufacture of scroll 
shaped parts is explained, however present invention is 
of course applicable to Al alloy sintered parts having 
other complex shapes. 
According to the present invention, parts having 

complex con?gurations made of sintered Al-Si series 
alloy having light weight, excellent mechanical 
strength and toughness are easily obtained, and since 
the plasma sintering method is employed such as a vac 
uum installation is dispensed with, the production cost 
thereof is reduced because of the reduced installation 
cost and the production efficiency is enhanced because 
the molded body can be sintered in a short time. 
We claim: 
1. A method of manufacturing sintered aluminum 

alloy parts characterized by comprising the steps of: 
compression molding an Al alloy powder solidi?ed 
by a rapid cooling which powder consists essen 
tially of l~45 wt % of Si, 0.5~5 wt % of Ce, 
0.5~5 wt % ofZr, 0.l~9 wt % ofat least one of 
0.1 to 1.0 ofFe and an 0.1 to 9 wt % ofan element 
selected from the group consisting of Y, Cu, Mg, 
Mn, Zn, Li, Co, Cr, Ni, W, Nb and Mo, and re 
mainder wt % of Al; and 

thereafter sintering the compression molded alloy 
powder by heating via an electric current conduc 
tion therethrough in the form of a plasma discharge 
while applying pressure thereto. 
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2. A method of manufacturing sintered aluminum 
alloy parts according to claim 1 characterized in that 
the Al alloy powder essentially consists of 12.2~25 wt 
% of Si, 0.1 to 9 wt % of at least one element selected 

from the group consisting of Y, Cu, Mg, Mn, Zn, Li, 
C0, Cr, Ni, W, Nb and M0 0.1 to 1.0 Fe and remainder 
wt % of Al. 

3. A method of manufacturing sintered aluminum 
alloy parts according to claim 1 characterized in that, 
the Al alloy powder essentially consists of 1~ 45 wt % 
ofSi,1~5 wt % ofCu, 0.l~1.0 wt % ofFe, 0.1~2 wt 
% ofMn,0.l~1wt % ofMg, 0.5~5 wt % ofZr, and 
remainder wt % of Al. 

4. A method of manufacturing sintered aluminum 
parts characterized by comprising the steps of: 

compression molding an Al alloy powder solidi?ed 
by a rapid cooling which powder essentially con 
sists of25 wt % ofSi, 3.5 wt % ofCu, 0.5 wt % of 
Mg, 0.5 wt % of Fe, 0.5 wt % ofMn, 1.0 wt % of 
Zr, 2.0 wt % of Ce and remainder wt % of Al. 

5. A method of manufacturing sintered aluminum 
alloy parts according to claim 1 characterized by fur 
ther comprising the step of, 
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6 
forging the sintered body via one of warm forging or 

cold forging to obtain a forged body of a complex 
con?guration. 

6. A method of manufacturing sintered aluminum 
alloy parts according to claim 1 characterized in that, 
the sintering conditions with the plasma discharge are a 
plasma voltage of 2-10V, a plasma current of 
l00O~650OA, a sintering pressure of 50~30O Kgf/cmz 
and a sintering time of 5~2O minutes. 

7. A method of manufacturing sintered aluminum 
alloy parts according to claim 2 characterized in that, 
the sintering conditions with the plasma discharge are a 
plasma voltage of 2-10V, a plasma current of 
lOOO~6500A, a sintering pressure of 50~300 Kgf/cm2 
and a sintering time of 5~2O minutes. 

8. A method of manufacturing sintered aluminum 
alloy parts according to claim 3 characterized in that, 
the sintering conditions with the plasma discharge are a 
plasma voltage of 2-10V, a plasma current of 
1000~6500A, a sintering pressure of 50~300 Kgf/cm2 
and a sintering time of 5~2O minutes. 

9. A method of manufacturing sintered aluminum 
alloy parts according to claim 4 characterized in that, 
the sintering conditions with the plasma discharge are a 
plasma voltage of 2-l0V, a plasma current of 
1000~6500A, a sintering pressure of 50~300 Kgf/cm2 
and a sintering time of 5~20 minutes. 

* * * * * 


